OC-0117: Differential dosing in MRI guided spinal stereotactic body radiotherapy to reduce the risk of fractures  by Hes, J. et al.
3rd ESTRO Forum 2015                                                                                                                                         S55 
 
to identify potential target underdosage for increasing target 
volumes during IMRT to consider adaptive RT.  Tumor 
shrinkage had insignificant dosimetric consequences relative 
to tumour coverage and normal tissue sparing for IMRT 
treatment in this study of 18 patients; 11 growing and 7 
shrinking.   
This lecture will focus on an adaptive study in progress at The 
Princess Margaret which is an extension of the previous study 
to compare a parallel opposed pair technique, conformal 
approach, and IMRT, for 26 patients that required plan 
adaptation for significant TVC during radiotherapy.   Target 
coverage and normal tissue sparing will be compared for the 
shrinking and growing cohorts in order to communicate 
evidence based critical indicators for adaptive IMRT, 
conformal or POP planning for STS patients.  
Adaptive issues and strategies will be discussed for LE-STS 
radiotherapy, using case examples to highlight the different 
considerations and critical thresholds for various RT 
techniques.    
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Purpose/Objective: Treatment plans are commonly 
generated by dosimetrists in an iterative trial-and-error 
procedure, aiming at steering the TPS towards an acceptable 
solution. Plan generation may take op to several days of 
workload. Moreover, final plan quality may strongly depend 
on the skills and experience of the dosimetrist, and on 
allotted time. At Erasmus MC, systems for fully automated 
plan generation have been developed to replace the labour-
intensive and operator-dependent trial-and-error approach. 
The core of all systems is “Erasmus-iCycle” (Med Phys. 2012; 
39(2): 951), an in-house optimizer for lexicographic multi-
criterial plan generation. For prostate, head and neck, and 
cervical cancer patients treated at our linacs, automated 
planning is in full clinical use. For Cyberknife (Accuray Inc.) 
and proton therapy, experimental systems are available but 
not yet in routine use. An overview of automated plan 
generation at Erasmus MC will be provided with an accent on 
the clinical application. Applied algorithms will be briefly 
touched. The clinical use and scientific studies on the added 
value of automated planning will be discussed in detail.  
Material/methods:  For each linac patient, the IMRT or VMAT 
treatment plan is automatically generated (no human 
interference) by the clinical TPS (Monaco, Elekta AB), based 
on a patient-specific template. This template is derived 
from a treatment plan that is automatically pre-generated 
with the in-house Erasmus-iCycle optimizer. For individual 
patients of a treatment site (e.g. prostate), automatic plan 
generation in Erasmus-iCycle is based on a fixed ‘wishlist’ 
with hard constraints and treatment objectives with assigned 
priorities. These site-specific wishlists are a priori 
generated in an iterative procedure with wishlist updates in 
every iteration step, based on physicians’ evaluations of 
plans generated with the current wishlist version. In case of 
IMRT, Erasmus-iCycle can be used for integrated beam profile 
optimization and (non-coplanar) beam angle selection. 
Generated Erasmus-iCycle IMRT plans are pareto optimal. 
For Cyberknife treatment, similar systems are being 
developed for both the variable aperture collimator (IRIS) 
and the MLC, using Erasmus-iCycle pre-optimization and final 
plan generation with the clinical TPS (Multiplan, Accuray 
Inc). For intensity-modulated proton therapy (IMPT), 
Erasmus-iCycle has been extended with novel algorithms for 
fast plan generation and plan delivery, saving per patient a 
substantial amount of in-room time compared to plans 
generated with classical optimizers. Novel strategies for 
robust IMPT planning are being explored.  
Results:  In a prospective clinical H&N cancer study, treating 
radiation oncologists selected the Erasmus-iCycle/Monaco 
plan in 97% of cases rather than the plan generated with 
Monaco by trial-and-error (IJROBP 2013; 85(3): 866-72). For a 
group of 44 cervical cancer patients, dual-arc VMAT Erasmus-
iCycle/Monaco plans were superior to plans generated 
manually by an expert cervical cancer planner using Monaco, 
spending many hours; reduced small bowel V15Gy, V45Gy, and 
Dmean, bladder Dmean, and rectum Dmean, all p<0.001. For 30 
prostate cancer patients, differences between Erasmus-
iCycle/Monaco VMAT plans and manual VMAT plans, the latter 
generated by an expert planner with up to 4 hours planning 
hands-on time, were statistically insignificant (IJROBP 2014; 
88(5): 1175-9). All attempts to use automatically generated 
plans as a starting point for manual generation of further 
improved plans have been unsuccessful. 
Conclusion:  Automatic plan generation with consistent high 
plan quality and vast reductions in planning workload is 
feasible. For prostate, head and neck, and cervical cancer 
patients all clinical plans are currently automatically 
generated. For other sites (breast, lung, liver), automated 
planning is being investigated. Use of automated planning for 
Cyberknife and IPMT is being explored.  
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Purpose/Objective: Concern has been raised about the 
extreme dose-fractionation schemes and large biologically 
effective dose used in spinal SBRT because of the greater 
probability of vertebral compression fractures (VCF). 
Prevention of VCF is challenging because the metastatic 
disease lies within the segment at risk. In attempt to reduce 
the risk of VCF, we introduce ‘differential dosing’. MRI 
guidance is used to deliver a high radiation dose to the 
metastasis exclusively. Adjacent healthy appearing bone 
marrow spaces which may possibly contain subclinical disease 
receive the conventional low dose of 8 Gy. Differential dosing 
has the potential advantage of lowering the risk of VCF by 
sparing the unaffected, healthy bone tissue surrounding the 
metastasis while also treating the subclinical disease. In this 
work, the technique used to create differential dosing 
treatment plans and the accuracy of dose delivery are 
presented. 
Materials and Methods: VMAT plans were created for 10 
spinal metastatic patients using Monaco (Elekta, Sweden) 
treatment planning system. Two 10MV photon beam partial 
arcs were employed. Doses of 18 Gy to the metastasis (PTVb) 
and 8 Gy to the surrounding bony compartment (PTVe) were 
prescribed in one fraction. A maximum dose of 25.2Gy and a 
mean dose in the range 17-19Gy were allowed to PTVb. 
Treatment plans were optimized according to the following 
priority list: spinal cord dose constraint (V10<0.35cc), PTVb 
coverage, PTVb mean dose, PTVe dose gradient, PTVe 
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conformality. Dose statistics, estimated delivery time and 
results of dose verification using the Delta(4) (ScandiDos, 
Sweden) were evaluated.  
Results: The treatment plans fulfilled the dose prescription 
except when PTVb was lying adjacent to the spinal cord. In 
these cases, plan quality was strongly influenced by the 
spinal cord constraint. PTVe conformality was found to be 
suboptimal due to the steep 18-8 Gy gradient. The delivery 
time of the plans ranged between 7-9 min. Measured dose 
distributions showed high agreement with calculated ones, 
with more than 99% of the area within the region of interest 
fulfilling the acceptance criterion. 
 
 
 
Conclusions: The required plan quality and accuracy in dose 
delivery could be obtained using the differential dosing 
approach for spinal SBRT. 
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Purpose/Objective: Simple low conformity lateral opposing 
radiation beams with limited sparing to proximal organs-at-
risk (OARs) were widely adopted in the past for treating 
palliative whole brain radiation therapy (WBRT). Crucial OARs 
located at skull base used to sacrifice with significant 
radiation dose inevitably. More conformal radiation 
treatments, like helical tomotherapy (HT) and volumetric 
modulated arc therapy (VMAT), are becoming more accepted 
to treat WBRT. These techniques allow not only conformal 
dose to the whole brain but also simultaneous integrated 
boost (SIB) doses to dedicated metastases for superior 
disease control and symptom relief. This study aimed to 
investigate any potential advantages in cochleae and eyes 
sparing between HT and non-coplanar VMAT. 
Materials and Methods: Treatment planning computed 
tomography (CT) scans of 15 brain metastasis patients who 
had received palliative dose WBRTs with SIBs to the 
metastases in the department were recruited. Each patient 
was re-planned with HT and non-coplanar VMAT for 
dosimetric comparison. Departmental routine optimal 
settings with fan beam thickness of 2.5cm and pitch value of 
0.287 were used in all HT plans. One coplanar full arc plus 
two non-coplanar half arcs modulating by Varian Millennium 
120 MLCs were used in all VMAT plans. The two non-coplanar 
half arcs were arranged at 60 degrees offset to each other 
and to the coplanar full arc to cover the cranial hemisphere. 
All target volumes were optimized according to original 
prescriptions. The median whole brain dose was 30Gy (range 
25-40Gy) and the median SIB dose was 35Gy (range 30-45Gy). 
The mean SIB volume was 26.7±30.4cc consisting 1.7±1.8% of 
the whole brain volume 1481.8±161.1cc. Radiation doses to 
cochleae and eyes were studied by comparing their maximum 
doses (Dmax) and mean doses (Dmean). The dose results from 
the two techniques were tested statistically by paired t-test 
considering significant level of p-value <0.05. 
Results: The dose results are listed in Table 1. Non-coplanar 
VMAT significantly achieved lower Dmax and Dmean to both 
cochleae than HT (all p<0.001). Radiation doses to both eyes 
were slightly higher in non-coplanar VMAT than in HT but 
could not be shown statistically significant (all p>0.05). 
However, the Dmax and Dmean to both lens were significantly 
higher in non-coplanar VMAT than in HT (p<0.01 and p<0.001, 
respectively). 
Conclusions: Non-coplanar VMAT is superior to HT in sparing 
cochleae which are relatively small and highly proximal to 
target volumes. There is no significant dose difference in 
eyes sparing for both techniques. Non-coplanar VMAT is 
preferred to treat WBRT with SIB if slight increase in lens 
doses is not a concern. 
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Purpose/Objective: This study investigated the potential 
dosimetric benefit of intensity modulated proton therapy 
(IMPT) over rotational intensity-modulated radiotherapy plans 
for nasopharyngeal carcinoma (NPC) patients. Furthermore, 
their robustness to certain anatomical changes was 
examined. 
Materials and Methods: Ten NPC patients planned using 
VMAT (Monaco), TomoTherapy (TomoHD) and IMPT (XiO). All 
patients were planned to receive 65, 60 and 54 Gy in 30 
fractions to the PTVs of primary, intermediate risk and low 
risk nodal regions, respectively. Plans were compared by 
analysing PTV coverage, mean and maximum doses to normal 
structures. Significance testing between techniques was 
performed using the Wilcoxon signed-rank test. 
For robustness comparison between IMPT and VMAT plans, 
each planning CT was artificially modified to simulate (i) 
partial nasal cavity filling and (ii) weight loss (using a 
commercial simulation software, ImSimQA). Dose 
distributions were re-calculated on each artificial CT as 
quality assurance procedure to retaining exactly the same 
parameters and compared against the original dose 
distributions to reveal the dosimetric consequences of each 
anatomical change for the two treatment options. 
Results: All modalities were able to produce plans that would 
